a set of clay-protein composites were prepared in the absence of MCPA for comparison.
1
A nomenclature for the protein-clay formulations was introduced (Table 1) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Clay-gelatin-based-MCPA formulation prepared at pH 5 showed a different pattern showed an absence of this band.
17
The introduction of glycerol greatly changed the spectrum of the formulation 18 (SRpH5G30 in Figure 2 ). Glycerol produced a broader absorption in the 3600-3000 cm- (Table 2) . The highest release was obtained for the formulation prepared at a pH close to the pI of 3 the protein (7.9-9.0). The labile fraction of MCPA would increase with increasing pH 4 because the strong electrostatic interactions involved in the retention of the herbicide 5 into the clay-gelatin matrix will be weakened. At a pH above the pI value, this effect is 6 counteracted by the presence of mostly exfoliated clay particles acting as a barrier to the 7 diffusion out of herbicide molecules. The clay particles are more dispersed into the clay-8 gelatin matrix due to the excess of negative charges in the gelatin, thus yielding a larger 9 repulsion among the clay particles. At pH close to pI, the fraction of clay particles 10 remaining exfoliated decreases, whereas the agglomeration of clay particles increases.
11
After it was determined that the slowest release was obtained for SRpH5, the effect of 12 glycerol on MCPA release was studied. As shown in Table 2 , the release of the The influence of the glycerol on the clay-gelatin structure was studied using atomic 
Soil column experiments

10
The objective of the soil column experiments was to track the mobility and bioactivity volume of the columns such that a small but negligible amount of MCPA was detected.
17
As shown in Figure 5 , the commercial formulation accumulated at the lowest depths (8-
18
16 cm), and only 7.9 ± 1.0% of the added amount remained in the upper layer. The clay-
19
protein formulation yielded lower recoveries at all depths compared to the commercial 20 formulation, although the levels were only significantly different in the upper layer. In 21 the 0-4 cm segment, the recovery from SRpH5 was 22.3 ± 2.3%, amounting to a 63% 22 reduction in leaching. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 However, no general guidelines can be established a priori regarding their preparation.
4
For example, the use of a pH above the pI of the protein appears to weaken the 5 molecular interactions of the herbicide within the clay-polymer structure, thereby 6 facilitating its release; however, this effect can be counteracted by the presence of 7 exfoliated clay particles that act as a barrier. The use of glycerol, which improves 8 sorption on the clay platelets and, therefore, the interaction of gelatin molecules, can 9 suppress the stabilizing interactions of the herbicide within the clay-gelatin matrix.
10
This preliminary study showed the feasibility of the use of clay-protein complexes for 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 is shown in the inserts in "Clay-gelatin pH 5.0" and SRph5G30. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
